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MULTIJAYER SCREEN AND DOWNHOLE 
COMPLEnON METHOD 



Fidd of the Invention 

lOOOl] The fidd of Ms invention relates to downhole screens, wHch can be 
expanded into contact iwith the fonnation. 
BfldtgroiM "! ftf tfcfe Invention 

[00021 Downhole screens are used in a variety of different q?pUcations. As part of a 
common procedure caUed gravd packing, the screens are deposited adjacent the 
producing formation and flie surroimding imnlar space is filled witti sand known as 
gravel. Various febrication techniques have been developed for manufecturing sudi 
screens and atypical txansple is iUustratedinUS Patent 5,611,399. 
[0003] More recently it has been determined that it is deshable to reduce ^e size of 
Ihe anradar space between the screen and the formation. Reduction of flie volume of 
the annular space around the screen discourages flind flow along the screen, which, in 
turn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens m wdl bores or laterals and thereafter 
expand them. A good example of the expansiop techniques for a downhole screen is 
shown in U.S. Patent ;6,012,522. In fliis patent, overlying segments of screen are 



wo 02/23009 



PCTAJSOl/27581 



on. ^ «H<^ is e^«^ ""^ " 

p„3i«»iu«.ewenb«.»r.U.-^ of to .««,ue is « 

^ of fil^ ™^ must be «oved «i..ive wM* subJ^U 

capadty to withstand coll^. 

„„4I ah« P«»^ xeWmg .0 pipe «p«si«n. U^. P««« ^^L^' 
5^66,012. 

t«0«51 Tbe md. obj««ve of a« P«s«« inve«i<m is to dtow »»y tastdWo^ 

to fl« de^cd .loc^ Mov«d by e^on to reduce tt« votam. of fh. 
^^^aro^rfftesc^e. Ve,.»teo«eo,of ««inve«aonisU>«pa.dae 
«^ ^ tt« forinado. to entirely dinamte the «»ml.r spaoe 
^.her o^eCive of .b. present in,»tioni. to .Uow the »se of .1. stnKtoe of 

aownholee,e»«ifl.o.t«cp^o.. A«>fh«r objeedvc of the pres«* inv«*o« 
to d«»asefl»»«<»mt of stress oa the ffl4«ioa«««*«wh«.e^ed. Yet 

^ther obi^tive of *e present in««Bon is to pro^* . sigdfic^tly ^ 

to eolUpse. object of the ta««ioa is to p»vidv..s >n»d. « 

posstm mdlbnniiy in opening size of the filtration layer sitor the:.ss.mbly is 
o,,p^ Ano.h« ol^eclive is to p«mde snffide.* strength in ti» 
,^onto*wittob«.B«sis.<liffe..n.isl.pressu«s.smi«»*er^^ 

^a^effirt,«,d,«Ifbr«.!««io«s»-to.tageth.overanexpansi» 
rteps. These and other advantage, of the p^sen. invention «ill be appredaW by 
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those skiUed in the ait from a review of the description of the preferred embodiment. 

wbicli appears below. • 

STTMMARY TWy. INVENTION 

10006] A downhole completion method and an «cpandable filtration apparatus are 
disclosed. The filter assembly comprises aplnrality of layers begmning with a coated 
perforated base pipe. The coating reduces flie force required fi>r expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it fiwm bnns in the base 
pipe. A filtration enWcement layer fits over the filtration layer and an outer shroud 

protects the assembly during run in. Ihe assembly can be used as made or expanded 

downhole in one or a series of expansions. i 

BRIEF DESCRIFnON OF TEBB DRAWINGS 

[00071 Fig.lis cutaway view,partly in section^ showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2J2 of Fig. 1. 

100091 Fig. 3 is a section view of a first step in a multi step expansion! of the filter 
assembly. > 

[00101 Fig. 4 is a section view of a second step-in a multi step expansion of the filter 
assembly > 

[0011] Hg. 5 is a conq>arison perfimnance diart comparing a known filter made by 
Baker Hughes called Exchider and two variations of the filter, of: the present 
inventioa 

ATT gii nF^SfTRTPTTON niT THF. 1>REFFRKE1> EMBQDPIEm: 
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(M12,Kd«ring..F*l>e™o»lay.«.£ftepef=«da.Wim«.«e shown. 

T,,. ta«»os. layer it . 1,.se pipe 1«. »lud. a ptealiV- «f <>P«^ 

U. Base pipe 10 providea a fim fouDdation idr fte layers above. p.*« of the 
iolea 12 la epftniz-l to strike Ihe best l^lance b««e«> c«ll^ 
and ^^.ation of the force reqoixrf to expand tte 

p„si.i™»do,.lsideit,as«iahed«cr.1«dl»low.Ws.ptirm»^ 
in the range of .5 to ab«m 30%. H» base we W <» have toread, 14 «»1 1« at 
„pp<«ite e«b to allow sections of fto filter assenAly A to be secured together, giving 
g^U^on and tension strength to the filter assembly A. A coating 18 n,«le 
jreferaUy fi™x a plastic material can be to the inside of the base pipe 10. H.. 
Whitfbrd Corp. n«mrfhct»s 4e co«ing mde. the name Xylan lOSiUltimalely. 
^ ^ e,5«der JO (see Fig. 3) is moved throngh base pip. 10. fte c«ting 18 will 

«a„c. the re<rn«d c*«nsion toce. The greater colh^ resist 

10 promotes bord»lestabiHty.teexpansionjTl«optimiation of te.opening. U 

promotes highest wsosion rate to a given material to base pipe 10 while stiU 
leaving sufficient inflow area ton* fte pipe openings or pertortions 12. Uang 

™nd, rounded, or ovd opening instead of slots provides to a mechanically stronger 
filter assembly A. in to pretored embodiment, &e coating 18 is Xylan »^ it c«. 

proride a rednction to required tece to a given expansion by as mud. » 5OT4. H» 
^ 18 also hdp. redstance to gdBng by (he expander 20 or d subsequent 

expander such as 22 (see Fig. 4)^ 

10013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe 1ft and filtration layer 26, Th. drainage layer 24 promotes flow 
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me — 1^ « »«a fte ope^g, 12 of fl» base pip. 10. I. .he 

of ^ A taided we^ d«ig. corr^fly prrf^ 

SSBr»d600 304B.Tl»d»ta.getay«Mp»Uc.sthefi»«ao«layer«ftaml».rs 

tiie base pipe 10, 

100141 Uo«^ ov«i«» dotage layer 24 is <he ffl«ti<« layer 26. The fil«de» 

^ This material gives v«y reliable ^.iftnnity to the opedag size. .f« 
«p,„,i„.L>to™™crfl»ree«.be«nliden«inU«pa.tiele size. whid. will 

^ffl«ttonlaye,2*whilegivi«g^topro«a<«.g-»»Pl^8»r<hep-s«S» 

of too ™»y parttele. As sho™ in Fig. 1. *e l.y« 26 is oriented at 

„^etotheloogi«,di.^»dsof.h.iil.er.ss.«iblyA.Thisanglecaab«i«tberange 

of *o»t 10 to *<«t 80 degrees with about 20 degrees being preferred. Orieafc^ 

asares»ltof«^onare**er-niriodzedVy«singare««ewe»«.Twin^ 
p««„. A reverse wea« is o« where the di^neler of the wrft (shute) «ir« 28 is 
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larg=rtotow«pwte301,y»imdi as about 50,=c«atm<»,»binrtio 
»^ar pla«:meot of .fhe filtnflon laya 2« by a sttol wMag tedmqo. co,^led 
vritt . r««»e WMVO yields . n.ote predictabte and udfbm. opeotag size aScr 

expansion. 

100151 Mounted overithe filtration layer 26 is the filtration enhancement layer 32. 
TMs layer promotes greater flow conductivity from the outermost layer, the outer 
shroud34. Layer 32 acts as a coarse filter to layer 26 and prolongs &e life of filtration 
layer 26. lUis can be seen in the graph of Fig.6. where the addition of fhe filtration 
eri^cement layer is curve 36. THe same filte. assembly A of the present invention 
but without the filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
represents the performance of a known product made by Baker Hughes called 
Excluder. Fig. 5 readily demonstrates that &e addition of the filtration enhancement 
layer 32 nearly triples the time it takes to buUd up a badcpressuie of 40 PSIG fi)r the 
same flow conditions: Leaving out the filtration enhancement layer 32 also makes 
that version of tiie present invention perform somewhat comparably to the known 
Excluder design. Several different weave types are suitable for layer 32 such as: 
square weave. Compound Balanced. Ti^ I^ick. and Braided Weave.- A suitable 
Compound Balanced .material is available fiom Porous Metal Produdts. model # 
CB 3_96_192_21/24.:A metallic material is prdferred. 

[00161 me outer shrmid 34 is preferably formed fi«m spirally windmg a perforated 
sheetinto atube. The hole size and pattern is optimized to fecUitateejcpansion and yet 
provide sufficient coll^ resistance in 4e «*anded state. It is desired to have tiie 
inflow area of the openings maximized but to limit flie opening size and use a 
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^se of a» outer ^ua 34 is «> prouct a.c MOW fto. dan-ag. 

during run in. 

1^7, The laye. em U i<»ned by swaging U. «auce di«^ 

U, e^<m »«i provides grea^r a^ agai^t collaf.. aft- exp-i- 

to *e co»pone«.s individuany 1«fore swaging or ^ a».«l th^ 

m»«oa assembly A after an the coa,K»-.3 ba« be» assembled, D<»g «s 
. greater d.^ of e.p«.sio. wid^ot mn. Tbis b«.efit is pard^U^ 
.ppUcable.o,hcbasepipe.0.11»t,pccf«m«ling«visi<«.dissoluti™.-meali.>g 
tol800d.gr..sF.Ann.ali«g.f.l»bas.pipelOisdonebefbreapplying1hecoati«g 

18 aue to the inaMUty of tb. coadog 18 to wifl.st«^ ih. anneding ten^cr*^ 
Si.>t.*g ean be ,.sed:i.stead of swaging to jdn fte layers toged». Tbe la^ 

^,y .3S«.*,cd inthe Mowingm«mer.,the braided wire of suitable drainage 
taycr 24 is plaeed on the base pipe 10 wUA hi-s p«vioudy been drfflel with holes. 
„„.«dandd«e«ied. the ffltration Uyer 26 is wr.pp«l angle over Ih. top 
of the toinage layer 24. Another la,-, edled fl» ffltration a*»»en«n. layer 32 is 
pl.c.doverd«topofthefil.r.tionl.yer2*. Th», stouter shroud 34 is pUced over 
atraaon ed^neohent lay« 32 «.d the tota p«*.«e is nm through a set of di^ 

fl«tswagesorfcrcesdlcon«onenlstovigo.ouslyconta!te»*oaier. i 
l«0181Tl»fflter.ssen*lyAh.sfl«.dvant.g.iofs^or,ertom«>ce.™h.fl««^ 
e^.adownholeo*notlfi.isnote^a^ite».beg.avdp.dr»lin.helmo«n 
Pig,. 3 .nd 4 iDustrate . «m<p. step.wise e^on tednnque. In a fiM 
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step, an expander 20 which may be a fixed cone or a cone with variable diameter is 
n^oveddovrnwardly^ughthe filter assembly-Ato achieve *ontam 
At the lower end of the filter assembly A a cone latch 42 engages a fixed or variable 
diameter expander or :cone 22 to increase ihe overaU expansion to as mnch as 50%. 
As previously stated,imore e^ansion steps can be nsed and diffeienl degrees of 
step^wise expansion and overall expansion can be obtained with this technique. It 
should be noted that &e second expansion does not necessarily have to laoceed in a 
direction opposite the first expansion. 

[00191 There are many ^pUcations of the filter assembly of tiie present invention. In 
h^ntal open hole completions there are usually more than 1 .000 feet of contact 
^ththeproductivefonnation.sometunesin«cessof9.000'. Because there is so 
nmdi contact the amount of production per foot is very low. In most cases if the 
theoretical production per fi)ot was traveling into a screen directly opjK>site of the 
formation then the velocity would be too low to transport sand fiom unconsoUdated 
formations or cause erosion. Tbere are many wdls in whidi erosion is .taking place 
and sand is being produced, Pr^ently there are a couple of tixeories that explain this 
occurrence. First the formations may be so unconsoUdated that they simply fell apart 
when the pressure in fl.e weU b«e used to control tiie wen daring IdrilH^ 
completingthewdlisremoved. Ibis is referred to as hole or fommtioi. collapse. A 
second possibiUty is that fluid flows along the path of least resistance, ilhismaybe 
on the inside of a screen that is in place or along the outside. As the flow proceeds 
towards file begimung of the open hole section, fiie accumulative efifects of 
production means the .vdodty is much hi^er towards tiie top section (begmning) of 
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Bk screen to lt«dsprt;sandimdtoeiode the fcrmatoaiasc^ 
10020] By exp=»img to - "P« ""to 

^ „ea,« great* mist^Ke to flow «Kl tb«eto pnxh«*« 
fteeaenorof«>.3crcen«.di^«e=«do«ft.tet»or. The reduction in faleriot flow 
nK«ns vdodtie* ne« a» wdl ho» <md fhe«fi« less sand tr^.^ 

less erosion effects. ' 

100211 ExpansiaD can also aid in foimatton stabiUty by physically supporting the 
foimationifthescreenisexpanded^itistohchingtheto^ Uris s»q,port in 
turn could prevent th« coUapsing of the formatibn when fhe pressure in Ihe well bore 
is reduced. 

. i00221Incasedholei5?»HcationsffltrationassemblyAoffeis1headvaH^^ 
insidediameterforremedialwoikbdowitsinstaUatioa Another advantage is that in 
frac pads and gravel packs an that is necessary to do is to place the pioppa^ 

the perforation hmnels and formation fractures. Annular padcs between the screen 
and the casing, which are often difficult to achieve, are not necessary since expanding 
screenremovesthisannulus. The filter apparatus A conld also be used in conjunction 
vdfh a fiac pack or gravd pack and sd«equently expanded to bade 
the annulus I padc or perforations not fitted. 
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We claiin: 

1. An expandable filter assembly for downhole use, comprismg: 

a base, pipe having an inside surfece. a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being amealed to fedhtate subsequent expansion downhole. 

2. The assembly of claim 1, wheran: 

said filtration layer and said base pipe are individuaUy amiealed prior 
to being joined togeflier. 

3. The assembly of claim 1, wherein: 

said ffltration layer and said base pipe are annealed after being joined 

togetiher. 

4. Hieassembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing further comprises sohition annealing at up to about 1800 

degrees F. 

5. Theassembly of daiml, wherein: 

said inside surfece of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

6. The assembly ofclaim 5, furttier comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration lay^. 

7. Theassembly of claim 6, wherein: 
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said Staged expansion occurs in a single direction. 

8. The assembly of daim<».^®^' 

said staged expansion occurs in opposed directions. 

9 The assembly of daim 6, wherein: : 

dimension. 
10. The assembly ofdaim 6, wherein: : 

^erdn of »d weft »^ warp is ai«P»«l ■* » 

dx™t V(WO d=gr« Witt «P«t to to kmgituanal «is,of »a b« 

pipe. > 

11. Hie assembly ofdaim 10, wherein: i 

said weft . l«g« a""*"*-'-^ ^ " 

mudi as abo\it 50%. 

12. The assembly ofdaim 10,wherein: > 

sad .t 1«» one 8Hn.tion tay« con>pri«, . woy» dntoee 

layer on «ddl»se,^andamai.fflw«io»l.y«.-i**»^«l^ 

13. Tie assMiHy rfd«ini »«. ft"^ ««'«*'*'^ 

a ffltttfio. enl«»ioen«.t layer n»™ted over sdd m«n ffl^ 

and «rf«r «mp^ a wea»e..»id drainage layer and said filtration 
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enhancement layer are spiraUy wound to orient wires therein in 
substantial aHgninentwithsdd wires in said main ffltiationlay^^ 

14. The assembly of claim 10, wherein: i 

said openings in said base pipe a^e round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base.pipe having an inside surface, a longitodinal ,a«s, and a 
plurality of openings; 

at least one filtration layer mounted ovct said base pipe, 

said inside sur&ce of said base pipe is coated to reduce the force 

neededifor subsequait ejqjansion. 

16. The assembly of claim 15, whaein: i 

said coating is made of a plastic material and said opening? are round, 

rotmded or oval. 

17. The assembly of clahn 15,fiiraier comprising: 

an expander enable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: » 

said filtering layer conq«rises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 

about 10-80 degrees with respect to the longitudinal sm.of said base 

jripe. » 

19. The assembly of claim 18, wherein: i 
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downhole; 

s^a fllWtfon layer »Kl s»d ba» lay- are s«g«l tog*« a»d «id 
..^ iWl« sotafi»n .m.«li.«! at ^. to 1^ 



JO. An<<«p«^lefflto««»*lyfi»*"^'°"*' «»^^ 

a base pipe - i-i* -^ • '"^ * 

pltirali*y of Openings 

a, least one Sllnto layer mounted <«er said base pipe «n4 

aa expander «pable of mifrstage expansion of said base pipe and 

said filtrafion layer. 

21. The assembly »fdaim 20, wherdn: i 

said base pipe is expanded in slages ^ to about 30% above its ortginal 

dimension. 

22. The assembly »f daim 20, wberesn: i 

said each being annealed to ««flitate snbsequent e^n 

downbol^ 

said filtration layer and said base layer are swaged together and said 
forflier comprises sol^on annealing at i^ to about 1800 

degrees F. 

23. The assembly of claim 22, wberan: '. 
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said filtering layer comprises a weave having weft and warp wires and 
wherdn one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis'.of said base 
pq?e. I 

24. An expandable filter assembly for downhole nse, comprising: 

• a base, pipe having an imdde .surfece, a longitudinal .«ds. and a 
plurality of opeuings; 

at least one filtration layer mounted over said base pipe. 

said filtering layer comprises aweavehavingweft and waip wires and 

wher«n one of said weft and warp wires is disposed at an angle of 

about 10-80 d^ with respect to the longitudinal axis:of said base 

pipe. • 

25. The assembly of claim 24, xxdierein: i 

said weft wires have a larger diameter than said warp wires by as 
mudi as about 50%. 
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